A rapid and sensitive high performance liquid chromatographic method was developed for the estimation of levetiracetam in bulk and pharmaceutical formulations. Levetiracetam was chromatographed on a reverse phase C 18 column in a mobile phase consisting of 0.05 M KH 2 PO 4 buffer (pH 3.0 adjusted with orthophosphoric acid) and methanol in the ratio 70:30 v/v. The mobile phase was pumped at a flow rate of 1.2 mL/min. with detection at 210 nm. The detector response was linear in the concentration of 20-120 µg/mL. The limit of detection and limit of quantification was found to be 0.0104 and 0.0317 µg/mL, respectively. The intra and inter day variation was found to be less than 1%. The mean recovery of the drug from the solution containing 100 µg/mL was 100.038 µg/mL. The proposed method is simple, fast, accurate, precise and reproducible hence can be applied for routine quality control analysis of levetiracetam in bulk and pharmaceutical formulations.
Introduction
Levetiracetam is a novel antiepileptic drug which is structurally dissimilar to other antiepileptic drugs. It is chemically, (αS)-α-ethyl-2-oxo-1-pyrrolidineacetamide 1 . This is a structural analog of piracetam, which binds to a synaptic vesicle protein SV2A. This is believed to impede nerve conduction across synapses. The precise mechanism by which levetiracetam exerts its antiepileptic effect is unknown. Literature survey reveals that various HPLC [2] [3] [4] [5] [6] [7] and LC-MS [8] [9] [10] methods have been reported for the determination of levetiracetam in pure and pharmaceutical dosage forms. In this study a simple, rapid, accurate, sensitive and precise HPLC method was developed for the estimation of levetiracetam in pharmaceutical formulations.
Experimental
Methanol of HPLC grade was purchased from E.Merck (India) Ltd., Mumbai. Potassium dihydrogen phosphate and orthophosphoric acid of AR grade were obtained from Qualigens Fine Chemicals Ltd., Mumbai. Levetiracetam was a gift sample by Orchid Chemicals & Pharmaceuticals Ltd., Chennai. The commercially available levetiracetam tablets claimed to contain 250 mg of drug were procured from local market.
Instrumentation
The separation was carried out on gradient HPLC system (Shimadzu) with Shimadzu binary HPLC LC 20AT pump, Shimadzu APD 20A UV-Visible absorbance detector, Spinchrom software and RP-C 18 column (250 mmx4.6 mm I.D; particle size 5 µm).
Chromatographic conditions
The mobile phase consisting of phosphate buffer (pH 3.0 adjusted with orthophosphoric acid) and methanol were filtered through 0.45 µ membrane filter before use, degassed and were pumped from the solvent reservoir in the ratio of 70:30 v/v was pumped into the column at a flow rate of 1.2 mL/min. The detection was monitored at 210 nm and the run time was 8 min. The volume of injection loop was 20 µL prior to injection of the drug solution the column was equilibrated for at least 30 min. with the mobile phase flowing through the system. The column and the HPLC system were kept in ambient temperature.
Procedure
Stock solution of levetiracetam was prepared by dissolving 100 mg of levetiracetam in 100 mL standard volumetric flask containing 25 mL of mobile phase and the solution was sonicated for 20 min. and then made up to the mark with mobile phase to get a concentration of 1 mg/mL. Subsequent dilutions of this solution were made with mobile phase to get concentration of 20-120 µg/mL. The standard solutions prepared as above were injected into the 10 µL loop and the chromatogram was recorded in Figure 1 . 
Time

Voltage
The retention time of levetiracetam was found to be 3.727 min. The calibration curve was constructed by plotting concentration vs peak area ratio. The amount of levetiracetam present in sample was calculated through the standard calibration curve. The linearity experiment was carried out in triplicate to ascertain accuracy and precision of the method. The peak area ratios of the drug vs concentration were found to be linear and the results are furnished in Table 1 . 
Assay
Two commercial brands of tablets were chosen for testing suitability of the proposed method to estimate levetiracetam in pharmaceutical formulations. Twenty tablets each containing 250 mg were weighed accurately and powdered. A quantity equivalent to 100 mg of levetiracetam was weighed accurately and transferred to 100 mL volumetric flask with mobile phase. The contents were sonicated for 20 min. and made up to the mark with the mobile phase. The resulting solution is filtered through a membrane filter. The solution obtained was diluted with the mobile phase so as to obtain a concentration in the range of linearity previously for the pure drug determined. Sample solution was injected under the chromatographic conditions and the chromatogram was recorded. The amount of levetiracetam present in tablet formulation was determined by comparing the peak area from the standard. The results are furnished in Table 2 . 
Validation of proposed method
Selectivity of the method was assessed on the basis of elution of levetiracetam using the above mentioned chromatographic conditions. To study the specificity, linearity, precision, accuracy, limit of detection, limit of quantitation, robustness and system suitability parameters has been validated for the determination of levetiracetam. The results are furnished in Table 3 . 
Specificity
The specificity was established by preparing a levetiracetam standard at 0.5% level of test concentration and injected 5 times into HPLC system as per the test procedure.
Linearity
The standard curve was obtained in the concentration range of 20-120 µg/mL. The linearity was evaluated by linear regression analysis using the least square method. It was found that correlation coefficient and regression analysis are within the limits.
Precision
The precision of the assay was determined in terms of intra-day and inter-day precision. The intra-day and inter-day variation in the peak area of drug solution was calculated in terms of coefficient of variation (C.V.) obtained by multiplying the ratio of standard deviation to mean with 100. The results are furnished in Table 4 . 
Limit of detection (LOD) and limit of quantitation (LOD)
The LOD and LOQ for levetiracetam were predicted basing on the parameters of standard error of estimate and slope, calculated from linearity of the response data of levetiracetam.
Robustness
The robustness was checked by changing the temperature to 30 0 and 35 0 C and the method suits best.
Accuracy
The accuracy of the HPLC assay method was assessed by adding known amount of drug solution to a drug solution of known concentration and subjecting the samples to the proposed HPLC method. The recovery studies were replicated 3 times. The accuracy was expressed in terms of recovery and calculated by multiplying the ratio of measured drug concentration to the expected drug concentration with 100 so as to give the percentage recovery. The results are furnished in Table 5 . 
Results and Discussion
By applying the proposed method, the run time of the method was set at 8 min and levetiracetam appeared on the typical chromatogram at 3.727 min., which indicates a good base line. When the same drug solution was injected 5 times, the retention time of the drug was same. Linearity range was observed in concentration range of 20-120 µg/mL. The regression equation of levetiracetam concentration over its peak area ratio was found to be Y=0.10845X-1.92745 (r=0.9998) where Y is the peak area ratio and X is the concentration of levetiracetam (µg/mL). The proposed HPLC method was also validated for intra-day and inter-day variation. The coefficient of variation in the peak area of the drug for 5 replicate injections was found to be less than 1%. The asymmetry factor was found to be 1.260, which indicated asymmetric nature of peak. The number of theoretical plates was found to be 6359, which indicates efficient performance of the column. The limit of detection and limit of quantitation was found to be 0.0104 µg/mL and 0.0317 µg/mL, indicates the sensitivity of the method. To optimize the chromatographic conditions, various combinations of phosphate buffer with and methanol were tested. The use of phosphate buffer and methanol in the ratio of 70:30 v/v resulted in peak with good shape and resolution. The high percentage of recovery of levetiracetam ranging from 100.028 to 100.048 indicates that the proposed method is highly accurate. No interfering peaks were found in the chromatogram indicating that excipients used in tablet formulation did not interfere with the estimation of the drug by proposed HPLC method.
Conclusion
The proposed HPLC method was found to be simple, rapid, precise, accurate and sensitive for the determination of levetiracetam in pharmaceutical dosage forms. Hence, this method can easily and conveniently adopt for routine analysis of levetiracetam in pure and its pharmaceutical formulations.
